The contents of exosomes determine their biological functions and represent a new class of epigenetic modulation of renal cells considering as novel class of biomarker.
Introduction
Lupus Nephritis (LN) is characterized by autoantibodyinduced renal damage in patients with Systemic Lupus Erythematosus (SLE). Disease immunopathogenesis is driven by the deposition of immune-complexes in the kidney, inducing lysis of intrinsic renal cells and inflammation. 1 High doses of immunosuppressant is applied to control disease in patients with severe LN; however, some LN patients fail to respond to treatment and cannot achieve remission stage. 2 At present, renal tissue biopsy is the gold standard to directly evaluate injury to the kidney and determine the proper course of treatment. 3 However, it is an invasive procedure that puts the patients at risk of bleeding or infection. 4 Therefore, a non-invasive biomarker is urgently needed to easily monitor disease progression and to predict diseases recurrence within the kidney.
Extracellular vesicles (EVs) are small vesicles (size range between 40 nm and 2 μm) secreted by various types of cells and can be found in several body fluids including cerebrospinal fluid, synovial fluid, saliva, serum, and urine. 5 EVs can be classified by their biogenesis and related functions into three main classes: exosomes, microvesicles (shedding vesicles), and apoptotic bodies. 6 Interestingly, recent study demonstrated that exosomes could contain several subcellular organelles, mitochondrial components, and extracellular receptors that might be important in immune mediated such as MHC-class II with co-stimulatory molecules. 7 Moreover, various reports showed that exosomes deliver messenger RNA (mRNA) and microRNA (miRNA) to regulate gene and protein expression in recipient cells. 8 This is a relatively novel mechanism in term of epigenetic regulation and long-distance transportation of molecules. 9 Therefore, exosomes have been hypothesized to be important biomarkers due to the discovery of their physiological role in cell-to-cell communication, as well as their potential to be used as a non-invasive liquid biopsy tool. 10 The miRNAs are small non-coding RNA which block protein translation and induce mRNA degradation. 11 Experiment has shown that miRNAs are highly stable within exosomes and could act on recipient cells after being recognized by receptors or undergoing endocytosis. 12 Urinary exosome-associated miRNAs play an important role as epigenetic factors maintaining renal tubular cells in a paracrine manner. 13 In patients with LN, a subset of miRNAs (miR-335*, miR-200c, miR-302d and miR-146a) within urinary exosomes, but not miRNAs from cell-free urine or urine supernatant, were increased in patients with active LN compared with healthy controls. 14 Puromycin -induced injury of immortalized mouse podocytes increased the release of exosomes containing miR-26a. 15 Furthermore, the level of miR-29c in exosomes was found to specifically correlate with fibrosis in LN patients compared with other chronic kidney diseases. 16 Although these evidences highlighted the important of urinary exosomes containing miR-NA which could reflect the renal histopathological changes in LN patients, a marker to predict disease relapse or therapeutic achievement is still unknown.
Interestingly, the study in spontaneous develop LN mice revealed disease associated miRNA induced by immunosuppressant treatment. 17 The study found that urinary miR-21 were decreased after hydroxychloroquine (HCQ) and prednisolone (PRED) treatment. 18 The miR-21 was reported to control several key inflammatory molecules such as IFN-γ and IL-12 which is associated with autoimmune disease development. 19 Furthermore, the urinary miR-21 was identified as a promising biomarker for kidney injuries and fibrosis. 20, 21 As miRNA were highly stable in urinary exosomes, we therefore suspected that miR-21-associated urinary exosomes might be a candidate marker to determine disease relapse or treatment response in LN patients. Moreover, according to our previous study, we found that miR-10a, miR-10b and let-7a expression was rapidly changed during acute immune complexes attack resident renal cells, 22 it is possible that abnormal miRNA expression might be secreted through urinary exosome and act as a detection marker for disease recurrence and treatment responses. In addition, abnormal miR-10a, miR-10b and let-7a expression could reflex the inflammatory phenotypes of
Methods

Samples Collection
This study was conducted under Faculty of Medicine Research Ethics Committee approval (EC-136/59) with informed consent of all participants. All LN patients fulfilled at least four of eleven criteria from the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) diagnosis for SLE and had a kidney biopsy-proven LN histology classification. 25 Random urines (12 ml) were collected from 31 LN patients (13 with active disease and 18 with inactive disease). Demographic data resident kidney cells. 23 For example, the miR-10a down-regulated IL-8 expression which is a leukocyte chemoattractant during acute inflammation as well as the let-7a regulated IL-6 expression. 22, 24 Thus, detecting miR-10a, miR-10b and let-7a associated urinary exosomes might be a new potential biomarker for LN patients. The objective of this study is to characterize miR-21, miR-10a, miR-10b, and let-7a expression in urinary exosomes during course of LN disease. The urinary exosome-associated miRNAs might be able to serve as a noninvasive biomarker, as well as help provide insight into novel epigenetic modulation during the onset of LN or in ongoing disease. 
Results
In accordance with guidelines from the International Society of Extracellular Vesicles, 26 the size and specific protein markers, in both membrane and cytosolic fractions, were characterized in the isolated urinary exosomes. We found that the isolated urinary exosomes particle sizes were ranged from 40 to 200 nm ( Figure 1A) . Exosome specific protein markers, the ESCRT protein (TSG101) and tetraspanin (CD9), were enriched in the exosome fraction but could not be detected in the cell pellet, urine supernatant or whole urine of patients with LN ( Figure 1B) . These results confirmed that exosomes
The United States of America). The exosomes were viewed with a JEOL 1011 CX-T electron microscope (JEOL Ltd., Tokyo, Japan) operating at 200 Kv.
Analysis of Urinary Exosomes Size by NanoSight
The suspended urinary exosomes were diluted 1:50 in PBS, pH 7.4 buffer and analyzed on a NanoSight NS300 (405 nm laser diode) in the light scatter mode for quantification and scatter distribution according to the manufacturer's protocol (Malvern Instrument Inc., Malvern, UK). The threshold for tracking systems was set at five and analysis was performed around 30 seconds five times.
The miRNA Isolation from Urinary Exosomes
Total RNA was isolated from urinary exosomes using miR-Neasy mini kit for serum/plasma according to the manufacturer's instruction (QIAGEN, Hilden, Germany). Briefly, the suspended urinary exosomes (100 μL) were lysed using Qiazol lysis reagent (600 μL) and three µL Cel-39 spike-in controls (1.6 × 10 8 copies/µL, Qiagen, Hilden, Germany) were added. Then, 1-bromo-3-chloropropane was added to separate out the RNA. The aqueous phase was applied onto miRNeasy mini columns then the total RNA was eluted using 14 μL RNase -free water. The RNA concentration was determined using a NanoDrop (ND-1000, Thermo Fisher Scientific). The RNA samples with A260/280 ratio higher than 1.8 were used in downstream experiments.
RT-PCR and Real-Time PCR
The candidate miRNAs were reverse-transcribed and amplified using specific primers for miR-21 (assay ID 000397), miR-10b (assay ID 002218), let-7a (assay-ID 000377), and cel -39 (assay-ID 000200) from Thermo Fisher Scientific. During reverse transcription, a total of 10 ng RNA was used to convert miRNA to cDNA using TaqMan reverse transcription kit (Applied Biosystems, Thermo Fisher Scientific). The qPCR was conducted with an Applied Biosystem® 7500 Real-Time PCR System.
Statistical Analysis
Unpaired t-tests and Mann-Whitney U tests were used for comparisons between samples with normal and non-normal distributions, respectively. The relationship between miRNA expression and other urinary biomarkers was determined by Pearson's correlation and linear regression. P-values less than 0.05 were considered statistically significant. In vitro experiments were performed at least three times. are shown in Table 1 . The inclusion criteria for active LN included (A) the presence of proteinuria greater than 1 mg per day, and (B) the presence of white blood cells (WBC) or red blood cells (RBC) in urinalysis of greater than 5 cells per high power field or the presence of cellular casts without any urinary tract infection. The presence of WBC or RBC less than 5 cells per high power field was the inclusion criteria for inactive LN, without considering urine protein leakage. Additionally, we were able to collect three urine samples from the same LN patients while they had active disease prior to treatment and when reaching the inactive stage after 3-4 months of treatment. All samples were stored at −20°C until used.
Exosomes Isolation
The urinary exosomes were isolated using a previous published protocol. 26 In brief, urine (12 mL) was firstly centrifuge at 2,000 ×g, for 10 minutes at 4°C (SX4750A, swing bucket rotor, Allegra X15R, Beckman, IN, USA) to remove cell debris and urinary cells. At this step, the pellet was collected for western blotting to check exosome marker. Subsequently, the supernatant was continuously centrifuged at 17,000 ×g for 45 minutes at 4°C (JA-14, fixed angle rotor, Avanti, Backman) to dispose of large molecular weight molecules contamination. After centrifugation, the supernatant (1 mL) was collected to represent as a urine supernatant for western blotting. The residual supernatants (11 mL) were carefully transferred to ultracentrifuge tube for urinary exosome isolation at 200,000 ×g for 1 hour at 4°C (Ti-100 or Ti-45, fixed angle rotor, Optima XPN-100, Beckman). After this step, the supernatant was discarded, and the pellet was defined as urinary exosomes. The exosomes were resuspended in PBS buffer, pH 7.4 and stored at -80°C until use.
Western Blotting
Components of ESCRT-1 complexes (Endosomal Sorting Complexes required for Transport-1) are required for vesicular trafficking processes and are important in exosomes biogenesis. Tetraspanin transmembrane proteins are also important in exosome generation. To confirm the presence of exosomes, we detected TSG101, a 50 kDa ESCRT protein (1:1000 rabbit anti-human TSG101, clone 4A10, Abcam, Cambridge, MA, USA) and CD9, a 22 kDa tetraspanin (1:2000 mouse anti-human CD9, clone EPRP2949, Abcam) by western blot. Western blotting was carried out using 100 μg of protein from whole urine, urinary cell pellet, urinary supernatant, and exosomes, loaded on a 10% polyacrylamide gel and transferred to nitrocellulose membrane at 100 V for 1 hour. The secondary antibodies used were HRP-conjugated mouse anti-rabbit IgG and HRP-conjugated rabbit anti-mouse IgG (SC-2357, Santa Cruz Biotechnology, Dallas, TX, USA). The signals were developed using Super Signal West Femto substrate (Thermo Fisher Scientific, Bangkok, Thailand) and analyzed with Image Quant (GE Healthcare, Bangkok, Thailand).
Transmission Electron Microscope
The exosomes pellets were fixed in phosphate buffer containing 2% paraformaldehyde and loaded on Formvar/carbon coated electron microscope grids (TED PELLA, California, 
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Figure 2. Validation and expression of urinary exosome-associated miRNA in patients with active and inactive LN.
A) Urinary exosomes were collected from patients before and after treatment (n = 3). The expression of miRNAs was detected using qPCR. The plots represent relative fold change of specific miRNA expression to cel-39 spike-in control in each patient compared to active LN. had been successfully recovered after all the processes.
We firstly obtained samples from three LN patients at twotime points (before and 4 months after treatment). All three patients responded well to treatment and were defined asquiescent LN after treatment. Candidate miRNAs, including let-7a, miR-10a/b and miR-21, were investigated in urinary exosomes. Interestingly, we found let-7a and miR-21 were down-regulated in all patients during renal flare (Figure 2A) , while miR-10a/b showed inconsistent results among patients. We further studied the expression of all candidate miRNA in random visits of active (n = 13) and inactive (n = 18) LN patients. As we expected, let-7a and miR-21 were significantly down-regulated in urinary exosomes from patients with active LN, while miR-10a/b was not significantly different between the relapse and remission stages (Figure 2B) . These results suggested that In subsequent, we analyzed the correlation between urinary exosomal miRNA expression and kidney function (serum creatinine, urine protein leakage and glomerular filtration rate). Unexpectedly, none of the urinary exosome-associated miRNAs were significantly correlated with kidney function parameters (Figure 3) . Even though the correlations were not significant, negative correlation was found in all miRNA expression with proteinuria and glomerular filtration rate. This might be implied that regulation of miRNA through exosome is able to control cells response and important in disease pathogenesis.
Figure 2. (Continued)
B) The graphs show selected miRNAs in patients with active (n = 13) and inactive LN (n = 18). The graphs were calculated from three replicate experiments and normalized with a spike-in control (cel-39). The differential expression of miRNA was compared using unpaired t-tests. The plots show the means and standard deviation. * p < 0.05. 
Figure 3. Correlation between expressions of urinary exosome-associated miRNAs and clinical biomarkers of kidney function.
The graphs show correlation between relative miR-21, let-7a and miR-10a/b fold-change expression and urine protein leakage measuring through urine protein creatinine index (UPCI), glomerular filtration rate (GFR) and serum creatinine (sCr). The correlations were calculated using Pearson's correlation test. There are four missing points for UPCI, nine missing points for GFR, and three missing points for sCr as not all parameters were measured at all time points. A p-value less than 0.05 were the cut-off for statistically significant correlations. The x-axis represents relative miRNA expression normalized with cel-39 spike-in control compare to active LN patients. 
Discussion
In this report, we firstly characterized urinary exosome containing candidate miRNA expression (miR-21, miR-10a/b, and let-7a) in LN patients before treatment and after enter remission stage. In addition, we validated the results in random urines from active and inactive LN patients. Interestingly, our study found two miRNAs; let-7a and miR-21, were down-regulated in urinary exosomes during disease flare and down-regulation of let-7a was also consistent with our previous study. 22 Because aberrant miRNA expression might lead to changing cell phenotypes and functions, down-regulation of both miRNAs might involve in defected renal cells functions in order to control inflammation.
For the let-7, it was one of the first discovered miRNAs in nematodes. 27 In humans, there are several isoforms of the let-7 family sharing their "seed region" that are mostly characterized as tumor-suppressor miRNA. 27 In spontaneous developed LN mouse model, experiments found that let-7a was able to control inflammation via inhibition of interleukin (IL)-6 expressions. 28 Studies of kidney biopsies from patients with class IV LN revealed down-regulation of let-7a, which was also seen in mesangial cells stimulated with immune complexes. 29 This might lead to over-production of IL-6 in the kidneys of patients with active LN. 30 Thus, down-regulation of let-7a may result in the loss of epigenetic regulatory systems within kidney. It is therefore interesting to study the epigenetic function of exosomes-containing let-7a in vivo. This might lead to new treatment target for patients with active LN to ameliorate disease fluctuations and its expression might be able to use as potential biomarkers to predict disease flare. However, the large sample sizes with different subset of autoimmune diseases and nephrotic syndrome patients are needed to confirm the specificity of let-7a.
Despite the miR-21 has been well characterized as a crucial factor in fibrogenesis and tissue repair in various organs, 20, 31 recent evidences showed that miR-21 also mediated anti-inflammatory effects in primary macrophages via the inhibition of IL-12 and PDCD4. 32, 33 The miR-21 has been shown to target several genes in the JAK-STAT pathway (CSF3R, SPRY2, IL23R,  CNTFR, IL15, IL7, IL13RA1, STAT3, SOS2, SPRY1, PIK3R1 , LIFR, IL9, JAK3, IL12A and IL13RA2) which are related to inflammatory processes. 34 Thus, down-regulation of urinary exosomes containing miR-21 might represent the dysfunction of the inflammatory regulation. In contrast to let-7a, studies in kidney biopsies from patients with class IV LN and in cellfree urine showed an up-regulation of miR-21 expression. 17, 35 As miR-21 could be produced from various types of cells especially leukocytes, it is suspected that increasing of miR-21 in cell-free urine or kidney biopsy might be a consequent from leukocyte accumulation. Furthermore, increasing of urinary exosome containing miR-21 might be delivered from various kidney cells types. The further study to characterize specific cell types that contribute to the significant down-regulation of miR-21 in urine exosomes might be necessary to confirm this inconsistency.
We have previously reported that miR-10a/b were the most abundant miRNA in mesangial cells and was significantly down-regulated in mesangial cells treated with immune complexes, resulting in increased IL-8 expression. 22 Unlike let-7a, the level of miR-10a/b in urinary exosomes was not statistically different between LN patients with active and inactive disease. The observation of exosome generation in each part of the nephron previously revealed production of exosomes by specific renal cell types including collecting duct intercalating cells, collecting duct principal cells, podocytes, and proximal tubule, thick ascending limb and thin descending limb epithelial cells, but not by mesangial cells. 36 It is therefore possible that exosomes containing miR-10a/b from other cell types might affect the results and this might not be able to discriminate between active and inactive LN patients. The study of miRNA in cell-specific urinary exosomes may provide a better understanding about urinary exosomal miRNA.
Previous results showed that urinary exosomal miR-29c showed a strong correlation between its expression and fibrosis occurring in SLE as analyzed by ROC curves. 37 Although the correlations of our miRNA expression and kidney function were not reached statistically significant, this might be because those classical markers are not sensitive enough to define LN disease stage. Moreover, we hypothesize that the concentration of individual urine samples and treatment intervention may also affect miRNA expression. Another limitation might come from the variation due to the randomly collected urine in each individual LN patients. The standard miRNA expression normalization method in urinary exosome is also necessary to provide the consistent reports among researchers. Identifying the number of each renal cell type-specific urinary exosomes in LN patients and the number of EVs might be accounted for in miRNA expression normalization since similar urine volume could give different number of exosomes. However, the expression was not significant correlated with kidney function marker, we notice that most of miRNA expressions were negatively correlated with proteinuria and GFR. This raise the question whether exosomal miRNA might be associated with disease pathogenesis.
Conclusions
In conclusion, our study provides additional information on miRNA expression within urinary exosomes isolated from patients with active and inactive LN. Let-7a and miR-21 were down-regulated in active LN patients, which might represent the expression of miRNA in the kidney and act as liquid biomarkers of present organ destruction. Furthermore, our results highlighted that distinct miRNAs were selectively packed in urinary exosomes at different disease levels. This inferred that urinary exosomes containing miRNAs might be employed to regulate cellular responses in nephron systems. Thus, the benefit of urinary exosomes containing miRNA might be that they mirror the pathological response in the kidney which is ideal for a non-invasive biomarker.
